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Available online 8 April 2016Objectives. To assess the geographic distribution of Low BirthWeight (LBW) inNewYork State among single-
ton births using a spatial regression approach in order to identify priority areas for public health actions.
Methods. LBWwas deﬁned as birth weight less than 2500 g. Geocoded data from 562,586 birth certiﬁcates in
New York State (years 2008–2012) were merged with 2010 census data at the tract level. To provide stable
estimates and maintain conﬁdentiality, data were aggregated to yield 1268 areas of analysis. LBW prevalence
among singleton births was related with area-level behavioral, socioeconomic and demographic characteristics
using a Poisson mixed effects spatial error regression model.
Results. Observed low birth weight showed statistically signiﬁcant auto-correlation in our study area
(Moran's I 0.16 p value 0.0005). After over-dispersion correction and accounting for ﬁxed effects for selected
social determinants, spatial autocorrelation was fully accounted for (Moran's I− 0.007 p value 0.241). The pro-
portion of LBW was higher in areas with larger Hispanic or Black populations and high smoking prevalence.
Smoothedmapswith predicted prevalencewere developed to identify areas at high risk of LBW. Spatial patterns
of residual variation were analyzed to identify unique risk factors.
Conclusion.Neighborhood racial composition contributes to disparities in LBWprevalence beyond differences
in behavioral and socioeconomic factors. Small-area analyses of LBWcan identify areas for targeted interventions
and display unique local patterns that should be accounted for in prevention strategies.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Low birth weight (LBW) infants are at higher risk of increased
mortality (Mathews, 2013), morbidity and disability in infancy and
childhood that may lead to adverse health outcomes in adult life
(Class et al., 2014; Zwicker and Harris, 2008; Goldenberg and Culhane,
2007). A high prevalence of LBW is highly correlated with prevalence
of preterm birth and together they translate into higher health care
costs which may result in a signiﬁcant burden on society (Russell
et al., 2007). Although LBW does not predestine a child to future
ill-health, it remains one of themostwidely available and accuratemea-
sure of birth outcomes (Wilcox, 2001). LBW is therefore considered an
important indicator of public health status of a community.
New York State has one of the highest public health spending per
person in the US, however, it ranks twenty ﬁrst among all the US states
in LBW prevalence (United Health Foundation and American Public
Health Association, 2014). The latest birth certiﬁcate data suggests
that though the LBW prevalence in New York State is close to thend Occupational Epidemiology,
om 1203, United States.
saf).
. This is an open access article undernational average, racial disparities in LBW persist with non-
Hispanic Black women having the highest LBW prevalence (New
York State Department of Health, 2012; Martin et al., 2015). Racial
disparity in LBW prevalence is considered an inequity because
these differences are related to stresses and social conditions that
more frequently affect the disenfranchised (Johnelle, 2009; Howell
et al., 2008; Nkansah-Amankra et al., 2010). Reducing disparities in
LBW is a healthcare priority in New York State (New York State
Department of Health, 2012).
An individual's health is inﬂuenced by their physical and social envi-
ronment, behaviors and genetic composition. Linking social and health
data to a particular place is important because where we live inﬂuences
our health (National Research Council and Institute of Medicine, 2013).
Additionally, women belonging to racial minorities may be more
susceptible to neighborhood effects than white women (Love et al.,
2010). Therefore, public health and health promotion policies for
addressing health disparities need to target both individual and area
level factors. Geographic disparities in LBW have been documented in
New York State (New York State Department of Health, 2012) and in
other areas (Pattenden et al., 2011; Tu et al., 2012). Analyzing geograph-
ic disparities in health outcomes may help policy makers identify
priority areas of action (Tu et al., 2012; Stopka et al., 2014). Manythe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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status and LBW (Metcalfe et al., 2011). LBW data has been strongly re-
lated to social determinants which have distinct geographical patterns
and therefore are likely to be correlated with one another over geo-
graphic space. It is important to determine whether the geographical
differences in LBW distribution are largely due to the overall relation-
ship between area socioeconomic deprivation and adverse pregnancy
outcomes, or whether there are other geographically varying factors
inﬂuencing outcomes.
Most previous studies that assessed multiple levels of inﬂuence on
birth outcomes did not quantify the geographic variation in these asso-
ciations nor formally test the component of variation contributed by
socioeconomic disparities (Metcalfe et al., 2011). One UK study that
explicitly described and quantiﬁed the variation that existed beyond
random ﬂuctuation, suggested that spatial autocorrelation remained
unaccounted for after adjustments for individual behavioral and socio-
economic factors (Pattenden et al., 2011).
Spatial epidemiologic techniquesmay be useful in exploring and de-
ﬁning exposure-outcome relationships which may not be discovered
using traditional epidemiologic techniques. Spatial epidemiology has
traditionally been used for cluster detection for infectious diseases and
environmental exposures but these methods have recently been
employed in such areas as obesity research and assessing need for pre-
natal care services (Stopka et al., 2014). The present study aimed to use
spatial regression analyses to assess the geographic distribution of LBW
in New York State among singleton births and to quantify the extent to
which geographic disparities are explained by individual and area-level
determinants of poor birth outcomes. Speciﬁcally, we sought tomap the
disparities in LBW across New York State and, secondly, to assess the
extent to which racial disparities in LBW are explained by behavioral
risk factors such as smoking and access to care in different geographic
areas. Finally we sought to identify areas at high risk of LBW infants to
facilitate program interventions at a ﬁne geographic scale.
2. Methods
The study population consisted of all singleton births in New York
State (excluding New York City) for the years 2008–2012. We excluded
births with missing birth-weight, or values b750 g, as lower values are
unlikely to be live births, or addresses which could not be geocoded.
LBW was deﬁned as birth weight less than 2500 g. Teenage pregnancy
was deﬁned as age of mother less than 18 years at time of birth.
Adequate Prenatal Care was deﬁned using the Kessner Index which is
based on the gestational age, month prenatal care began and number
of prenatal care visits (Kessner et al., 1973). Smoking during pregnancy
(Yes/No) and illicit druguse (Yes/No) is reported on thebirth certiﬁcate.
Total years of mother's education as reported on the birth certiﬁcate
were used to calculate proportion of women with less than high school
education. Mother's race and ethnicity is self-reported on the birth cer-
tiﬁcate. We categorized racial/ethnic groups as Hispanic, non-Hispanic
white, non-Hispanic Black, and other. We used WIC participation
(Yes/No) as a measure of socio-economic status for the mother. The
WIC program is offered to all pregnant women in New York State who
are on Federal assistance programs or whose family's annual household
income is ≤185% Federal Poverty Level. We also evaluated area level
variables derived from the 2008–2012 ACS survey and the SF1 from
the 2010 census that included percent population under poverty, medi-
an per capita income, percent adults aged N25 years with less than high
school education, percent NH whites, percent NH Blacks, and percent
Hispanics and home ownership. Percentage of home ownership was
calculated from5 year estimates from the American Community Survey.
This study was reviewed and approved by the New York State Depart-
ment of Health Institutional Review Board and the Birth Registry.
Of the 2781 census tracts in the study area, births were reported in
2713 tracts. Birth data was geocoded by the New York State Vital
Records registry in order to assign census tracts. To avoid unstablerates due to low number of births in some tracts the Geographic Aggre-
gation Tool developed by the New York State Department of Health
(currently available at http://www.albany.edu/faculty/ttalbot/GAT/)
was used to aggregate census tract such that each unit had at least
250 births and the resulting areas were restricted to not cross county
boundaries. This resulted in 1268 unique tract-areas in the study region.
The only exception to aggregation within county boundaries was Ham-
ilton County which was merged with two tracts from Warren County
due to small number of total births. Using birth certiﬁcate data, we cal-
culated prevalence of LBW, teenage mothers (age b 18 years), smokers,
mothers with less than high school education, mothers who received
adequate prenatal care and proportion of non-Hispanic white, non-
Hispanic Black and Hispanic mothers in each tract-area.
2.1. Statistical analysis
A Moran's I test for spatial autocorrelation of low birth weight
indicated that there was signiﬁcant spatial autocorrelation. This
suggested that the spatial conﬁguration of the data should be accounted
for in the analysis. The basic analytical spatial units for this study are
aggregated census tracts (hereafter referred to as tract-areas), we
used a geographic adjacency approach such that the neighborhood for
a particular observation is the collection of other tract- areas with
which it shares borders.
The pattern of LBW distribution indicated spatial contagion. The ini-
tialmodels assessed the individual determinants of LBWusing variables
from the birth certiﬁcate dataset. After determining that the best ap-
proach to account for spatial autocorrelation and yield the best model
ﬁt was a spatial error model using a Poisson distribution, we used a
nested model approach to assess the relationship between predictors
of LBW. Each reported model has two random error terms, the spatial
error term u estimates the extent of variance that can be accounted by
spatial dependency while the error term v is the residual variance
(Appendix A).Model 1 included behavioral risk factors such as smoking,
adequate prenatal care, illicit drug use and age of mother less than
18 years at pregnancy. Model 2 adds area level socioeconomic charac-
teristics such as percent of WIC participants, percent with less than
high school education and percent of housingwhich is owned by its res-
ident. Model 3 provides estimates adjusted for area-level racial compo-
sition including percent of residents whowere non-Hispanic Blacks and
percent of residents identiﬁed as Hispanic. Finally model 4 adjusts for
behavioral factors and area-level socioeconomic and racial composition.
The Moran's I statistic measures the degree of autocorrelation
under the null hypothesis that there is no spatial autocorrelation in
the data. The global Moran's I for residuals was therefore used to
test for signiﬁcant spatial autocorrelation for each model. While
comparingmodels, themodel with lower Akaike Information Criteri-
on (AIC) was selected as having a better model ﬁt (Kissling and Carl,
2008). All geo-statistical analysis was completed using SAS (Cary In-
stitute, NC) and ArcGIS (Environmental Systems Research Institute,
Redlands CA). To demonstrate the application of these results we
chose to use Rochester city and its surrounding areas as an example.
Rochester is New York State's third most populous city and the seat
of the Monroe County. The city and surrounding areas show residen-
tial patterns similar to most cities in the US with a socially disadvan-
taged inner city urban area surrounded by higher socioeconomic
status suburban areas.
3. Results
There were a total of 587,370 births in the New York study area.
After excluding 23,559 plural births, 1074 singleton births with missing
birth weight and 151 singletons with birthweight less than or equal to
750 g, there were a total of 562,586 singleton births in the study area
for the 5 year study period. LBW prevalence in the area during the peri-
od 2008–2012 was 5.59% (Table 1). About 15.87% mothers reported
Table 1
Frequency distribution and prevalence of low birth weight by selected covariates in birth
certiﬁcate data for NYS study area (2008–2012).
Variable N (%) LBW% P value⁎
Low birth weight
Yes 31,531 (5.60)
No 531,055 (94.40)
Smoking during pregnancy
Yes 89,280 (15.87) 8.79 b0.0001
No 468,083 (83.20) 4.97
Missing 5223 (0.93)
Race/Ethnicity
Hispanic 90,849 (16.15) 5.88 b0.0001
Non-Hispanic White 378,247 (67.23) 4.67
Black 55,253 (9.82) 10.88
Other 37,941 (6.74) 6.57
Missing 296 (0.05)
Prenatal care
Adequate 345,671 (61.44) 4.63 b0.0001
Indeterminate 135,056 (24.01) 6.18
Inadequate 45,477 (8.08) 10.66
Missing 36,382 (6.47)
Maternal age b 18
Yes 11,024(1.96) 9.45 b0.0001
No 551,504(98.03) 5.53
Missing 58 (0.01)
WIC participation
Yes 221,531 (39.38) 6.55 b0.0001
No 317,124 (56.37) 4.82
Missing 7000 (1.24)
Illicit drug use during pregnancy
Yes 13,560 (2.41) 14.2 b0.0001
No 533,802 (94.88) 5.6
Missing 15,224 (2.71)
Education
b High School 93,626 (16.64) 7.49 b0.0001
N=High School 464,899 (82.64) 5.17
Missing 4061 (0.72)
⁎ P value from chisq test of heterogeneity.
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were non-Hispanic Whites, 15.10% were of Hispanic origin and 9.67%
were non-Hispanic Blacks. About 62.02% of the mothers reported re-
ceiving adequate prenatal care. There were about 2.46% of women
who were less than 18 years of age during pregnancy. About 38.33% of
women were WIC beneﬁciaries and 2.46% reported using illicit drugs
during pregnancy. About 15.91% women did not have a high school
education. Women who were non-Hispanic Blacks, smoked during
pregnancy, had inadequate prenatal care, used illicit drugs, were less
than 18 years of age or did not have a high school educationhad a higher
prevalence of LBW.
After aggregation at the tract level, higher LBW prevalence was seen
in the inner city areas of New York State. There was a large degree of
spatial autocorrelation in LBW prevalence as indicated by a signiﬁcant
Moran's I test (Moran's I test statistic = 0.02 p value = b0.001). TheTable 2
Percentage distributions of birth certiﬁcate and census variables in census tract-areas New Yor
Variable Mean prevalence (%)
Birth certiﬁcate data
Low birth weight 5.59
Mother's who smoked during pregnancy 16.13
Hispanic mothers 15.10
Non-Hispanic White mothers 68.39
Non-Hispanic other mothers 6.78
Mothers who had adequate prenatal care 62.03
Mothers who were age b 18 1.94
Mothers on WIC 38.34
Mothers who used illicit drugs 2.46
Less than high school 15.91
Census data
Percent owning house 66.51spatial distribution of observed LBW is presented in Appendix B. There
was a large variation in behavioral risk factors for LBW across the
study area (Table 2). For example, mothers who smoked ranged from
0% to 52.33% in individual tract-area with an average of 16.13%. Similar-
ly, mothers who had adequate prenatal care ranged from 11.44% to
90.26% with a mean of 62.03% in the study area.
Results from the Poisson Mixed effects model are presented in
Table 3. The Fixed Effects section provides an estimate of change in
prevalence of LBWwith every 10% increase in the independent variable.
On analysis using Model 1 which included behavioral risk factors we
found that maternal smoking, prenatal care utilization, young mothers
and percent of mothers who used drugs were all signiﬁcant risk factors
for LBW. However in models adjusting for area socioeconomic status
(model 2) and racial composition (model 4), most behavioral factors
were no longer signiﬁcant. In amodel adjusting only for racial composi-
tion (model 3), areas with higher percentage of non- Hispanic Blacks
and Hispanics had a higher prevalence of LBW. The racial-ethnic dispar-
ities in LBW prevalence were attenuated but remained statistically
signiﬁcant even after adjustment for behavioral and socioeconomic
factors (Model 4). For each 10% higher population prevalence of non-
Hispanic Blacks, LBW prevalence was 12% higher than in areas with
lower percentages of non-Hispanic Black population (PR = 1.12, 95% CI
1.10, 1.13). Similarly, when comparing areas with different percentages
of Hispanic population, LBW prevalence was higher in areas with higher
proportion of Hispanic population (a 5% difference of LBW prevalence
per 10% difference in population proportion of Hispanics higher LBW
prevalence (PR = 1.05, 95% CI 1.03, 1.06)). Smoking by mothers during
pregnancy was the only other factor associated with a higher prevalence
of LBWeven after adjustment for racial composition and other behavioral
and socio-economic factors (PR = 1.14, 95% CI 1.10, 1.17).
The Random effects section of Table 3 provides results for the error
terms in the model which help in quantifying the extent to which geo-
graphic disparities in LBW are explained by risk factors in themodel. To
assess the extent of geographic disparities in LBW which can be
accounted for by behavioral and area-level factors we assessed the
intra-class correlation for each model (alpha statistic- a description of
how this was calculated is provide in Appendix A along with a descrip-
tion of the full statistical model.). The unconditional model which does
not include any ﬁxed effects and only includes a random effect for the
spatial error explains 31% of the geographic variation.Model 1which in-
cludes behavioral factors explains 59% of the random error. Model 4
which includes behavioral as well as area-level factors explains 92% of
the geographic variation (Table 3). The Moran's I was signiﬁcant for
the observed LBW data but when spatial error terms were included in
an unconditional model (no ﬁxed effects, random effects for spatial
error term), spatial autocorrelation was accounted for. For all models
containing the spatial error terms, the Moran's I remained non-
signiﬁcant.
We display tract-area level data for observed prevalence, predicted
prevalence and model residuals within the Rochester area in Fig. 1k State study area (2008–2012).
Minimum prevalence (%) Maximum prevalence (%)
1.76 15.44
0.00 52.33
0.00 91.28
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111T.Z. Insaf, T. Talbot / Preventive Medicine 88 (2016) 108–114(maps for the complete study area including insets for othermajormet-
ropolitan areas in the study region are available in the appendix
(Appendix B)). Thesemaps use the BLUP (Best LinearUnbiased Predictor)
predicted rates and residuals that account for the random effect terms in
themodel. The predicted rate of LBWwasmapped based onmodel 3. The
predicted prevalenceprovide a smoothedmapwhichmaybeused in con-
junctionwith the observed values to quicklyﬁnd areas to target for public
health action based on the risk factors identiﬁed in the models.
The residuals from the model are used to identify those areas where
the overall model does not predict the LBW prevalence (Fig. 1c). There
were only a few areas with values greater than 2 standard deviations
for model residuals (dark green areas). For these areas, the predicted
prevalence estimates were higher than the observed prevalence. This
ﬁnding suggests that in these areas there are high rates of traditional
risk factors but the observed LBW prevalence are lower than expected.
These areas can be further analyzed to assess whether speciﬁc public
health measures have been successful in reducing LBW incidence even
with high values of risk factors. Conversely areas where the observed
LBW prevalence is higher than expected (dark brown areas) suggest
that this high prevalence cannot be accounted by the risk factors identi-
ﬁed in themodel. These areasmay need further examination in order to
identify speciﬁc factors contributing to LBW incidence beyond the tradi-
tional risk factors identiﬁed in these analyses. As a general pattern, the
model residuals are within normal limits in urban and suburban areas
and the unique patterns are more often seen in the rural tract-areas.
In sensitivity analysis, we found that models using self-reported
race-ethnicity supplied by mothers on birth certiﬁcates yielded similar
associations to those using information from the census. Model esti-
mates did not differ to any signiﬁcant extent using alternate data-
sources or variable speciﬁcations for socio economic status such as
WIC participation, median income or percent under poverty.
4. Discussion
Our study demonstrates that spatial epidemiologicmethods can be a
useful tool to inform public health action. There is marked variability of
LBW prevalence in New York State with signiﬁcant spatial heterogene-
ity in unadjusted LBW prevalence at the tract-area level. We have iden-
tiﬁed areas of high prevalence for LBW based on behavioral and socio-
demographic factors. In addition, we have identiﬁed certain areas
where the traditional risk factors do not predict LBW. These may be
areas where public health actions have improved access to preventive
services even for high risk groups. This information is useful to health
planners because many current policies are based on assumptions of
spatial homogeneity.
Our results suggest that smoking during pregnancy and racial
composition of the area account for geographical disparities at the
tract-area level geographic disparities in LBW. In our study, areas
with high percentage of Hispanic and African American residents
had a higher prevalence of LBW. Racial disparities in LBW persisted
even after adjustment for behavioral and socioeconomic factors.
Neighborhood racial composition may therefore confer additional
disadvantages onmaternal health outcomes than would be expected
by behavioral and economic factors alone. A previous study based in
Michigan metropolitan areas found similar patterns, but was re-
stricted to a single urban area and did not have information on indi-
vidual health behaviors (Debbink and Bader, 2011). Area-level
interventions should look beyond socioeconomic status to differ-
ences in health service-related factors, psycho-social stress, health
behaviors, and other environmental and social factors associated
with racial segregation. The maps of predicted prevalence identify
areas of high prevalence that may be targeted to address high mater-
nal smoking and other health factors mentioned above to reduce
racial disparities in LBW.
Spatial epidemiologic techniques are dependent on the scale of anal-
ysis. Analysis that has been conducted at the state or county level may
Fig. 1. a)Observed lowbirthweight prevalence in Rochester b) Predicted rates for low birthweight in Rochester based on spatial errormodels of social determinants c) Residual errormap
of low birthweight in Rochester based on spatial errormodels of social determinants. Note: Predicted rates based on spatial errormodel adjusting for tract-area level behavioral (smoking,
prenatal care, drug use, teenage pregnancy), and socio-demographic (education, WIC participation, home-ownership and racial distribution) factors (Model 3).
112 T.Z. Insaf, T. Talbot / Preventive Medicine 88 (2016) 108–114not provide results that reﬂect the associations at a ﬁner resolution and
therefore may not be useful for development of local policies or
decisions about LBW prevention. Previous studies have used similar
techniques to assess distribution of risk factors for adverse birth and
other outcomes at a broader geographic level (Hall et al., 2012;
Naugler et al., 2013). Having access to individual level data allowed us
to aggregate to areas of a size meaningful for intervention or policy
development while preserving patient conﬁdentiality and ensuring
statistically stable estimates.The results from this study should be interpreted in light of some
limitations. Low birth weight was deﬁned based on the WHO standard
of birthweight b2500 g. It has been suggested that birth weight
standards should be individualized for speciﬁc population groups
(Buck Louis et al., 2015; Mikolajczyk et al.). Hispanic and African
American babies tend to be smaller at each gestational age than non-
Hispanic White babies thus the proportion of underweight babies may
be overestimated for these racial groups based on current weight stan-
dards (Catov et al., 2016). Recent reports suggest that apart from
113T.Z. Insaf, T. Talbot / Preventive Medicine 88 (2016) 108–114biological differences, higher prevalence of risk factors such as hyper-
tension and inadequate maternal weight gain may also contribute to
these racial differences (Catov et al., 2016). In addition, babies less
than 2500 g have been shown to suffer health consequences in child-
hood as well as into adult life for all racial groups (Johnson and
Schoeni, 2011).
We used secondary data obtained from birth certiﬁcates for
assessing health behaviors and WIC participation. Nevertheless, birth
weight and maternal address reported on birth certiﬁcates has been
shown to be reported with good accuracy (Northam and Knapp,
2006). The Kessner Index is based on the gestational age, month prena-
tal care began and number of prenatal care visits reported on the birth
certiﬁcate. The month in which prenatal care began is determined by
calculating the interval between the date of last normal menses and
the date of the ﬁrst prenatal visit. New York State birth certiﬁcates in
particular have reported high validity even for such variables as health
behaviors and prenatal care (Roohan et al., 2003). Maternal reports of
race-ethnicity have been reported to be reliable for non-Hispanic
Whites, Black and Hispanic mothers but may not be as reliable for
other minority groups (Mason et al., 2014).
The assigned spatial location after geocoding was derived from the
mother's reported residence at the time of birth. We were unable to as-
sess how long themother lived at that address before delivery. A previ-
ous analysis revealed that mobility during pregnancy was much less in
our study area than in other parts of the country and mobility during
pregnancy did not lead to differential misclassiﬁcation of exposure
among mothers with adverse birth outcomes (Chen et al., 2010; Lupo
et al., 2010). Data from New York City were not available for this analy-
sis, reporting requirements for the New York City area are also different
and therefore these areas were excluded from the analysis. Our results
are therefore only applicable to the study area. We also assessed
alternative models to account for spatial heterogeneity including a geo-
graphicweighted regression and a randomeffectsmodelwith a random
intercept for county (results not shown). The Poisson random effects
model with a random effect for spatial variance best accounted for the
spatial dependence in the data.5. Conclusion
This study provides an important basis for further research to under-
stand behavioral, demographic, and socio-economic risk factors of LBW.
The mixed clustering patterns in upstate New York's metropolitan
areas, for example,may be related to the segregated residential patterns
associated with urban areas. The smoothed maps developed as part of
this research can be used in conjunction with observed data by policy
makers to quickly identify areas for intervention. Similarly, the residual
error maps are helpful in identifying areas which may still be at risk
after intervening on traditional risk factors and therefore may need
tailored interventions based on risk factors unique to that area. This
study provides a methodological tool for local policymakers to develop
effective interventions to combat LBW disparities.
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